The two main treatment options for invasive transitional cell bladder carcinoma are radiotherapy or primary cystectomy with urinary diversion or bladder substitution. Approximately 50% of patients fail to respond to radiotherapy and such patients so treated are disadvantaged by the absence of predictive information regarding their radiosensitivity, since the tumour gains additional time for metastatic spread before cystectomy is performed. The SF2 clonogenic assay, which measures the surviving fraction of tumour cells after 2 Gy X-ray irradiation, is regarded as a good measure of radiosensitivity. However, the assay is time consuming and provides results for only -70% of human tumours. In this paper three bladder transitional cell carcinoma cell lines (HT1376, UMUC-3 and RT112) were exposed to X-irradiation (0-10 Gy). We have compared the responses obtained using a clonogenic assay and a more clinically feasible alkaline single cell gel electrophoresis (Comet) assay. A very good inverse correlation was obtained between cell survival (clonogenic assay) and mean tail moment (Comet assay) for the three cell lines, indicating that the Comet assay can be used to predict the radioresponsiveness of individual cell lines. The clinical usefulness of the assay for predicting response to radiotherapy in bladder cancer patients is currently being investigated.
Introduction
Bladder cancer is the fifth most common malignancy in the UK. Transitional cell carcinoma accounts for 90-95% of all bladder tumours, with ~30% presenting as invasive disease (Prout and Kopp, 1984) . The remaining 70% present as superficial bladder cancer (Herr, 1991) , although up to 20% *To whom correspondence should be addressed. Tel: +44 1265 324771; Fax: +44 1265 324965; Email: v.mckelvey@ulst.ac.uk of these superficial tumours will progress to muscle invasion (Jakse etal, 1987; Abel et al, 1988) .
The two main treatment options for invasive transitional cell carcinoma (FTCC) are radiotherapy or primary cystectomy with urinary diversion or bladder substitution. In ~50% of cases radical radiotherapy provides an effective outcome with local tumour control and acceptable bladder function (Quilty etal, 1986; Jenkins etal, 1989) . The remaining 50% of patients fail to respond to radiotherapy. In this latter group the decision to treat with radiotherapy is detrimental, as it allows additional time for metastatic spread. Cystectomy, however, carries a major disadvantage because of the associated significant morbidity and reduction in quality of life with this procedure (Holmes etal, 1992) . If the radiosensitivity of a transitional cell carcinoma could be predicted in advance it would be possible to very significantly improve tumour control rate by selecting patients whose tumours are radiosensitive. Additionally, those patients requiring surgery would be identified earlier and their risk of metastatic spread would be reduced.
At present there is no test which can be used to predict the response of individual bladder tumours to radiotherapy. A concomitant and equally difficult problem is the unpredictable response of the normal tissue within the radiation field. This problem of the intrinsic radiosensitivity (IRS) of individuals is currently being investigated in a number of centres (Olive etal, 1990; West etal, 1991; Bumet etal, 1992) . It is proposed that if the radiosensitivity of an individual tumour and the individual patient's normal tissue could be identified prior to radiotherapy, this would allow the clinical oncologist to plan therapeutic regimes for each individual patient.
The most important target molecule for cell killing by ionizing radiation is DNA (Timmerman etal, 1995) . It has been shown that cells can differ in the amount of DNA damage detected immediately after irradiation and this can be related to radiosensitivity in a number of situations (Radford, 1990) . Exposure to ionizing radiation can induce a large variety of lesions in the DNA, including single-and double-strand breaks, the latter being thought to be responsible for cell killing (Whitaker, 1992) . Several methods have been developed to quantify single-strand breaks in cellular DNA, including double-strand breaks and alkali-labile sites which are converted into single-strand breaks upon alkali treatment, and each method has its particular advantages and disadvantages (Ahnstbm, 1988; see Whitaker etal, 1991, for a review) .
Previously colony formation by tumour cells has been used as an indicator of cell survival (Davidson etal, 1990) . This type of assay involves plating of cells in Petri dishes containing medium for 3-4 h at 37°C to allow attachment. The cells are then irradiated at 2 Gy and further incubated for up to 4 weeks to allow colony formation: the number of colonies formed is directly related to the radiosensitivity. The clonogenic assay has been used to ascertain the surviving fraction at 2 Gy (SF2). The main problems associated with the use of this assay as a predictive indicator of radiosensitivity is that reproductive potential is measured. Primary tumour colonies take ~4 weeks to form and hence the assay is laborious and time consuming. Additionally, the usefulness of the assay is limited, since onlỹ 70% of human tumours will form colonies in vitro.
In this study we chose to compare one assay for measuring DNA breakage, namely the alkaline single cell gel electrophoresis (Comet) assay, with the SF2 clonogenic assay in order to investigate its potential as an indicator of radiosensitivity. Three human bladder tumour cell lines were used. The alkaline Comet assay compares favourably with other techniques for measuring DNA breakage (McKelvey-Martin et al, 1993) and offers several advantages over the clonogenic assay. It is a cheap, rapid, relatively simple and sensitive technique for demonstrating and quantifying DNA strand breaks and alkalilabile sites in individual cells (McKelvey-Martin etal, 1993; Fairbairn etal, 1995) . Results can be available on the same day as the experiment is performed, even when disaggregation of tissue biopsies is required, and repair of DNA damage following ex vivo irradiation can also be measured over time. In particular, the assay is valuable in that it can be used on any eukaryotic cell population that can be obtained as a single cell suspension and it requires very small numbers of cells. It is, hence, eminently suitable for the analysis of human normal and tumour tissue biopsies.
Materials and methods

Cell lines and culture
Three bladder cell lines (HT1376, UMUC-3 and RT112; American Tissue Culture Collection) derived from high grade transitional cell carcinomas were used in this study. The cell lines were maintained as monolayers in exponential growth by subcultivation in Eagle's minimal essential culture medium (EMEM), 2 M L-glutamine, 25 mM sodium bicarbonate, 10% fetal calf serum (FCS), 1% non-essential amino acids, 1% penicillin/streptomycin and, for the UMUC-3 cell line only, 1% sodium pyruvate was added. Cells were harvested at 80-90% confluence by washing with prewarmed (37°C) phosphate-buffered saline (PBS) and then exposing cultures to trypsin/EDTA (0.1% trypsin, 0.4% EDTA in PBS) at 37°C for ~2 min. Culture medium (twice the volume of trypsin solution) was then added to the cells before centrifugation. The cell pellet was resuspended in culture medium at 1X10 5 cells/ml and incubated at 37°C for 30 min prior to being used in the Comet and clonogenic assays. All cultures were tested for viability following this procedure using trypan blue exclusion staining and were consistently found to have >99% viable cells.
X-ray irradiation for Comet assays
Cells at 1X10 5 in 1 ml culture medium were irradiated in Eppendorf tubes on ice before centrifugation at 1500 r.p.ra. at 4°C for 10 min. X-irradiation was performed using a 300 kV Siemens Stabilipan X-ray source at a dose rate of 2.6 Gy/min and unirradiated control cultures were processed in parallel.
The alkaline Comet assay
Three independently reproduced experiments were performed for each cell line, using a protocol for the alkaline Comet assay based on that initially reported by Singh etal. (1988) . The assay was carried out under yellow light to prevent any DNA damage being induced by natural light Dakin fully frosted microscope slides were each covered with 300 \l\ 0.75% normal melting point agarose in Ca 2+ -and Mg 2+ -free PBS at 45°C, a coverslip added and the agarose allowed to solidify. The coverslips were removed and 1X10 5 cells in 10 (il PBS at 4°C were added to 75 |il 0.75% low melting point agarose in PBS for each slide. The cell/agarose suspension was used to form the second layer and allowed to solidify under a fresh coverslip. The slides, with coverslips removed, were then placed in cold, freshly prepared lysis buffer for 1 h (2.5 M NaCI, 100 mM Na 2 EDTA, 10 mM Tris, pH 10, and 1% Triton X-100 added fresh). After 1 h in lysis buffer at 4°C, slides were placed in a horizontal gel electrophoresis unit filled with fresh, chilled electrophoresis buffer (300 mM NaOH and 1 mM Na 2 EDTA, pH 13.5) to a level -0.25 cm above the slides and left for 20 min to allow the DNA to unwind fully. Electrophoresis was conducted for 20 min at 25 V (0.83 V/cm). Slides were then drained, placed on a tray and flooded slowly with three changes of neutralization buffer (0.4 M Tris, pH 7.5), each for 5 min, to remove alkali and detergents. The slides were then each stained with 50 \i\ 20 Hg/ml ethidium bromide and covered with a coverslip for immediate analysis.
Comet capture and analysis A total of 100 cells from each slide were analysed by image analysis using Hewlett Packard Super VGA and Fenestra Comet v.2.2 Software (Kinetic Imaging Ltd). Observations were made at a magnification of X400 using an epifluorescent microscope (Olympus BH2) equipped with an excitation filter of 515-535 run, a 100 W mercury lamp and a barrier filter at 590 nm. Several features of each cell were calculated by the software package, but the measure first used by Olive etal. (1990) , tail moment, (i.e. the tail length multiplied by the per cent tail DNA/100, where tail length is defined as comet extent minus head extent) was the parameter used in this study. 
Clonogenic assay
After the preparation of single cell suspensions of each cell culture used, clonogenicity was determined in X-irradiated and control cultures using a clonogenic assay. Cells were counted and seeded in appropriate numbers in 60X15 mm Petri dishes (Falcon) with EMEM/FCS medium. In the RT112 and UMUC-3 experiments control cultures and 1 and 2 Gy X-irradiated cultures were seeded at 200 cells/Petri dish. At higher X-ray doses cell concentrations were increased to 500 and 800 cells/Petn dish. In HT1376 experiments control cultures and 1 and 2 Gy X-irradiated cultures were seeded at 500 cells/Petri dish. For 4 Gy irradiation in HT1376 cells concentrations were increased to 800 cells/Petri dish and higher cell numbers were used for the higher doses. Following a 4 h incubation at 37°C cells were irradiated in Petri dishes at 37°C at 1, 2, 4, 6, 8 and 10 Gy (as before); unirradiated cultures were processed in parallel. Cultures were subsequently incubated at 37°C in a humidified 95% air, 5* CO 2 atmosphere for 3-4 weeks. Colonies were then stained with crystal violet and counted under the light microscope, with image analysis using Fenestra 1.64 software (Kinetic Imaging Ltd). Three replicates were set up for each control and dose point and each experiment was performed on three separate occasions. Mean colony forming efficiencies were found to be 37, 62 and 55% for the HT1376, RT112 and UMUC-3 cell lines respectively.
Results
The mean tail moment values obtained in the Comet assay for the UMUC-3, RT112 and HT1376 cell lines following Xirradiation at 0, 1, 2, 4, 6, 8 and 10 Gy are presented in Figure 1 . Clear dose-response effects were observed for each cell line, with the UMUC-3 cell line showing the greatest DNA damage and HT1376 displaying the least damage at each dose examined.
The cell survival results obtained using the clonogenic assay are presented for the three bladder cell lines in Figure 2 . Clear dose-response curves were again observed for the three cell lines. The UMUC-3 line consistently showed the lowest surviving fraction and HT1376 showed the highest surviving fraction for the dose range 2-10 Gy X-irradiation. Three independently reproduced experiments were performed for each dose of X-rays used and each cell line investigated for both the Comet and clonogenic assays. Very similar results were obtained for each repeat experiment using both assays, with the standard error bars being too small to be visualized on the graphs. In Figure 3 the cell survival values have been plotted against the mean tail moment values and serve to demonstrate that a good correlation exists between the two end points.
Discussion
From Figures 1 and 2 it can be seen that the most sensitive of the three bladder cell lines used, UMUC-3, shows the greatest mean tail moment values and the lowest surviving fractions following X-irradiation over the dose range examined. The same order of radiosensitivity, UMUC-3 > RT112 > HT1376, was exhibited for both assays. indicates that the tail moment measured by the Comet assay can be used to predict the radioresponsiveness of individual bladder cell lines. It is important to note, however, that the good inverse correlation observed between long-term survival and DNA effects in the Comet assay may be specific for radiation. The induction of lethal lesions may correlate well with the strand breakage measurement obtained in the Comet assay following X-irradiation. This does not, however, suggest that the Comet assay should be promoted in general as a cytotoxicity test, but rather that it can indicate radiosensitivity.
The Comet assay can easily be adapted to measure DNA damage in bladder tumour and normal tissue biopsies and a protocol for this has been established in our laboratory. This and the additional characteristics of the Comet assay previously mentioned together render it a clinically feasible and hence potentially useful tool by which the clinician may obtain otherwise elusive information regarding patient tumour and normal tissue radioresponsiveness prior to medical intervention. Consequently, a large scale study is currently in progress to assess the the clinical usefulness of the Comet assay as a means of accurately predicting response to radiotherapy in bladder cancer patients.
II: Fluorescent in situ hybridization comets for the identification of damaged and repaired DNA sequences in individual cells
Introduction
DNA damage is an inevitable event which, if left unrepaired, can lead to tumourigenesis dirough mutational activation of proto-oncogenes and inactivation of tumour suppressor genes. Failure to repair specific types of damage has been identified as the cause of a number of cancer-prone syndromes and numerous DNA damaging agents have been identified as carcinogens.
Most studies of DNA damage and repair have examined only DNA as a whole and have accepted as a first approximation that damage and repair occur uniformly throughout the genome. This is not in fact so. Complex biochemical techniques have shown that DNA adducts occur at different frequencies in different genomic regions and that repair is likewise nonuniform, being often, though not invariably, correlated with gene transcription (Downes et al., 1993; Lehmann, 1995; see Friedberg, 1996, for a review) . This is at least in part due to some transcription factors being components of the repair complex (Bardwell et al., 1994; Drapkin et al, 1994; Schaeffer etal., 1994; Van Vuuren etal., 1994; Wang etal., 1994) . In the techniques developed by Hanawalt and Bohr (Bohr etal., 1985) , DNA is extracted from cells after damage and unrepaired DNA damage sites are converted by purified repair incision enzymes into single-strand breaks. DNA is also cut with restriction enzymes, electrophoresed under denaturing conditions, blotted and probed for restriction fragments of interest. Molecules that are free from damage sites will run in the normal electrophoretic position; those that contain damage will be shortened and run faster. The decrease in intensity of the band of normal mobility derived from damaged cells, as compared with the band generated by an equal amount of undamaged DNA, corresponds to the average amount of damage remaining in the sequence probed. By using strandspecific probes it is also possible to establish the average amount of damage in individual strands of a sequence. By comparing DNA samples taken at different times after damage, the course of repair in a given sequence (or strand) can be established. The additional preliminary step of BrdU labelling of replicated DNA and its removal by caesium chloride gradient equilibrium sedimentation previous to nuclease digestion and electrophoresis is needed to avoid errors due to dilution of damaged sites in replication.
This technique has been very successful in establishing the existence of gene-and strand-specific DNA repair. Usually the damage studied has been the predominant UV-induced lesion, cyclobutane pyrimidine dimers, for which a convenient incising repair enzyme (T4 phage denV endonuclease) is available, though more complex excision or break generating systems have been used to examine the repair of other lesions (Scicchitano and Hanawalt, 1989; Tang etal., 1989; Thomas etal., 1989; Jones etal., 1991; Chen etal, 1992) . It is, however, far from certain that the general conclusions reached from studies of UV repair, that repair is faster in chromatin domains containing transcribed genes and fastest in the transcribed strand, can be extrapolated to other forms of damage or is invariably true for UV damage (Downes etal., 1993) . A more recent technique, ligation-mediated PCR, has been used to detect differential rates of repair not in defined restriction fragments but at defined nucleotide positions (Gao etal., 1994; Tornaletti and Pfeifer, 1994; Tu etal., 1996) . To achieve this, DNA from damaged cells is amplified using a pair of PCR primers that match the 3'-end of a short sequence of interest and another pair that match a marker sequence that has been ligated to the 5'-end of breaks created by repair endonucleases at the sites of damage. The amplified DNA is run on a sequencing gel and creates a ladder of bands, of which the positions indicate the positions of damaged sites and the intensities indicate their relative frequencies. Again, by comparing electrophoretic patterns from DNA samples prepared at intervals after damage, a measurement of rates of repair can be obtained.
Both these experimental approaches are complex, time consuming and require substantial numbers of cells and, since they measure differences between amounts of damage, they can only give interpretable results after fairly high levels of damage and over periods of several hours.
In contrast to these techniques, the single cell gel electrophoresis (Comet) assay is a relatively simple though sensitive assay for DNA damage and repair. The Comet assay to date, however, has been used only to measure overall levels of DNA damage and repair. In this paper we present a protocol for combination of the Comet assay with another established technique, fluorescent in situ hybridization (FISH), so as to allow detection of selective DNA damage and repair in defined sequences in single mammalian cells. The technique is demonstrated using a p53 gene probe.
Materials and methods
Cells
Mononuclear leukocyte isolation. An aliquot of 100 \i\ whole blood from a healthy male subject was added to 1 ml RPMI 1640 (without phenol red) and 10% fetal bovine serum in a 1.5 ml Eppendorf tube and left to settle for 30 min on ice before being underlaid with 100 uJ Histopaque 1077 (Sigma). The sample was centrifuged at 5000 r.p.m. (200 g) for 4 min at 4°C. Mononuclear leukocytes were removed from the opaque band at the interface between RPMI and Histopaque. The mononuclear leukocytes were added to 1 ml phosphate-buffered saline (PBS) and washed before use in the FISH/ Comet assay. The mononuclear leukocytes obtained from each 100 H-l whole blood sample were used for each slide.
HT1376 cells. HT1376 (Rasheed etal, 1977 ) is a transitional cell bladder tumour cell line (described above) which has a point mutatjon CCC->CTC at codon 250 in the p53 gene (Cooper etal, 1994) . The cells were cultured and harvested for the FISH/Comet assay as described above except that following trypsinization and centrifugation in growth medium cells were washed in PBS and used directly in the FISH/Comet assay without further incubation in growth medium.
FISH/Comet protocol
Two-layer electrophoresis gels were used, with 50 nl 0.5% normal melting point agarose in Ca 2+ -and Mg 2+ -free PBS first spread on a frosted glass slide and followed by another 50 |il 0.5% low melting point agarose in buffer with cells. For HT1376 experiments 1X10 5 cells were used for each slide. For the induction of DNA damage cells were irradiated at 10 Gy on the slide using a l37 Cs y source at a dose rate of 2 cGy/s. Lysis, unwinding and electrophoresis were performed as described above. Gels were neutralized by 3X5 min washes in 0.4 M Tris, pH 7.5, followed by a 5 min wash in 2 X SSC (3 M sodium chloride, 0.3 M sodium citrate, pH 5.3) then dehydrated through an alcohol series (2 min at 70, 85 and 100%) and dried thoroughly at 37°C. This procedure was found to be necessary in order to stabilize the gel, which otherwise disintegrates during hybridization. A locus-specific identifier (LSI) full-length DNA probe for p53 (Vysis) was used for FISH, which was performed according to the manufacturer's instructions for codenaturation of probe and target cells. The probe mixture containing 1 |il LSI Spectrum Orange probe solution, 7 Jil LSI hybridization buffer (dextran sulphate, formamide and SSC, pH 7.0; Vysis) and 2 |il autoclaved water at 37°C were added to the dried slides. Coverslips (22X22 mm) were sealed over the gels with cow gum rubber cement. Cells and probe were denaturated at 74 ± 1 °C for 5 min and left to hybridize overnight at 37°C. Cow gum seals were removed with forceps and the slides were then given 3X10 min washes in DAPI staining was used throughout. Fifty cells were analysed for each population studied and the mean and standard deviation values are presented. Image analysis was achieved using the Fenestra digital Komet version 3.0 assay system (Kinetic Imaging, Ltd). Percentage Tail DNA is defined as the relative total intensity of DNA in the tail of the Comet. 50% formamide, 2x SSC at 45°C, followed by 10 min in 2X SSC at 45°C and 5 min in 2X SSC, 0 1% NP-40 at 45°C (covershps detach in the first rinse). Slides were then allowed to air dry in darkness before being counterstained with 10 |il 125 ng/ml 4'6-diamidino-2-phenylindole (DAPI) in antifade mounting solution (Vysis) and left in the dark at 4°C for 10 min prior to observation. Slides were examined using a Nikon Optiphase 2 fluorescence microscope equipped with a double bandpass interface filter set (Chroma Ltd) tuned for DAPI (excitation 370 nm, emission 450 ran) and spectrum orange (excitation 560 nm, emission 590 nm). This allows the simultaneous detection of DAPI and Spectrum Orange label. A X40 lens was used. Data sets were grabbed as digital images using Imagdok software (Kinetic Imaging Ltd).
Results
FISH protocols are designed for hybridization to DNA spread on a firm surface. Adaptation of such protocols to gelembedded comets initially presented difficulties associated with inadequate hybridization and destruction of the embedded structure. Both problems were, however, overcome using the protocol described. Figure 4A shows the nucleus of an agaroseembedded human unirradiated mononuclear leukocyte after lysis, electrophoresis and subjection to the FISH protocol, but with no probe added. Figure 4B shows a similarly unirradiated mononuclear leukocyte nucleus after lysis, electrophoresis and hybridization with the Vysis LSI p53 full-length DNA probe. Figure 4A demonstrates that undamaged cells can be clearly visualized as intact nuclei after exposure to the fairly arduous conditions of the FISH/Comet protocol. Figure 4B shows two clear fluorescent spots indicating the position of the two copies of the p53 gene in this cell. Figure 4C shows an HT1376 bladder cancer cell following 10 Gy y-irradiation and hybridization with the p53 LSI probe in the FISH/Comet protocol. The appearance of a comet tail is as expected using the Comet protocol and two hybridization spots are clearly seen in the comet head. It is interesting to note that the two spots are located much closer together in the undamaged white blood cell than in the yirradiated HT1376 cell. This may be due to differences in chromatin configuration between the two cell types, as undamaged HT1376 cells displayed well-separated p53 signals similar to that observed following irradiation.
It is clear from Figure 4A -C that the Comet and FISH techniques can be successfully combined, using the described protocol, to give information about DNA damage in defined sequences in single mammalian cells. Table I shows the percentage tail DNA values obtained using image analysis for control and y-irradiated HT1376 cells using the Comet protocol with and widiout FISH. Slightly lower per cent tail DNA values were obtained using the FISH/Comet protocol as compared with the Comet protocol without FISH for both control and y-irradiated cultures, but no serious loss in sensitivity was observed with inclusion of FISH. Positive hybridization results have also been obtained in our laboratory using other probes, including a ftuorescein-labelled cosmid 7H3DUP single copy llq near-telomeric probe and a commercial X chromosome probe (results not shown).
Although no software currently exists to analyse the hybridization signals with the Comet images, manual analysis, using a Nikon Optiphase 2 fluorescence microscope, of 350 randomly selected untreated cells and 350 randomly selected y-irradiated cells from one HT1376 FISH/Comet experiment showed that 95% of control cells showed two hybridization signals for p53 and that 93% of 10 Gy irradiated HT1376 cells showed similar hybridization. It was also noted that in the y-irradiated p53-hybridized HT1376 comets almost all cells showed two p53 hybridization signals in the head of the comet when harvested immediately following irradiation. Only a few scattered cells showed hybridization signals in the comet tail. FISH/Comet experiments have now been performed many times in our laboratory and results similar to those described are consistently achieved.
Discussion
The combination of single cell gel electrophoresis to separate break-free and broken DNA domains and FISH localization of specific sequences in the head or tail of the comet provides the opportunity to determine immediately whether the domains containing the sequence of interest are or are not broken. From this, domain-specific repair could easily be studied. In this paper we present a protocol which has been used to successfully observe hybridization of a p53 (LSI) probe to individual cells processed in the alkaline Comet assay. The location of the genomic sequences corresponding to the probe is revealed by fluorescence microscopy. With a single sequence probe diploid pre-replicative cells give two fluorescent spots per nucleus (as shown in Figure 4B ) and post-replicative cells give four. For application of the FISH/Comet technique to the study of selective DNA damage and repair in defined sequences in single mammalian cells it will be necessary to test several hundred individual cells in order to obtain statistically significant results, since no one cell has more than four copies of a given sequence. Automated analysis should, however, be possible and efforts are currently being directed not only to optimize the FISH/Comet protocol with various probes, but also to create the analysis programs necessary to achieve this end.
Since submission of this manuscript, Santos etal. (1997) have published a paper detailing their work using fluorescence in situ hybridization with comets. Chromosome-specific areas and three segments of the C^-methylguanine-DNA methyltransferase gene were investigated using a FISH/Comet protocol. Instead of codenaturation of target and probe DNA at 74°C as used in the protocol described above, Santos etal. used chemical denaturation of the target DNA and separate heat denaturation of probes. The results obtained from their studies support the feasibility of this new technology and indicate its value in the field of interphase nuclear ultrastructure.
Although the FISH/Comet technique has definite advantages over the complex biochemical procedures currently used for detailed repair studies and therefore has real potential in this area, the limitation of the assay should also be noted. The FISH/Comet technique cannot distinguish between repair which occurs in the transcribed and the non-transcribed DNA strands. Additionally, multicolour probes for different sequences in domains will need to be used in the FISH/Comet technique so that breaks occurring in discrete sequences can be identified together. The use of multicolour probes in the FTSH/Comet technique, together with development of the sophisticated software required for analysis will, however, enable the FISH/Comet assay to become a very powerful tool in investigations involving the damage and repair of specific DNA sequences in individual cells.
